This article reviews the relationship between the spinal dorsal ramus system and low back pain, including the anatomy, clinical findings, pathogenesis and treatment of low back pain mediated by spinal dorsal ramus and zygapophysial (facet) joint syndrome. Each spinal dorsal ramus arises from the spinal nerve and then divides into a medial and lateral branch. The medial branch supplies the tissues from the midline to the zygapophysial joint line and innervates two to three adjacent zygapophysial joints and their related soft tissues. The lateral branch innervates the tissues lateral to the zygapophysial joint line. The clinical pain presentations follow these anatomic distributions, which can be used for localizing the involved dorsal ramus. The diagnosis can be confirmed by performing a single dorsal ramus block that results in relief of pain and muscle spasm. Etiologically, any factor that stimulates the spinal dorsal ramus can cause low back pain, which is distinct from zygapophysial joint syndrome. Clinically, L1 and L2 are the most common sites of dorsal rami involvement. Treatment includes spinal dorsal ramus injection therapy and percutaneous neurotomy. Summarily, irritation of the spinal dorsal ramus system is a potential source of low back pain. Based on the anatomy and clinical presentation, the involved spinal dorsal ramus can be localized and treated.
Introduction
The etiologies of low back pain are numerous. Anatomically, lumbar muscle strain [1, 2] , lumbar zygapophysial joint syndrome [3] [4] [5] [6] [7] [8] [9] [10] [11] , instability of the lumbar spine [12] , discogenic back pain [1, 13] , and sacroiliac joint syndrome [2] can cause low back pain. Mechanical pressure on the nerve roots, which may interfere with venous return of the nerve root [14] , epidural fibrosis [15] , perineural and intraneural fibrosis [16] , are additional factors to consider. Additionally, some authors have suggested that the iliolumbar ligament inserting on the lumbar spine is a source of back pain [17] . These etiologies however do not account for all causes of low back pain.
Earlier literature has described irritation of the spinal dorsal ramus system as a cause of back pain [18] . Maigne implicated that low back pain was caused by irritating lateral branches of the spinal dorsal rami at the thoracolumbar region [19] [20] [21] [22] . Anatomically, Bogduk's work exposed the medial branches of the lumbar spinal dorsal rami as a potential player in low back pain [23] [24] [25] .
Sihvonen et al. blocked the medial dorsal ramus branch, which resulted in relief of muscle spasms and they suggested that this treatment would aid in improving lumbopelvic rhythm and reducing low back pain [26] [27] [28] [29] . These studies supported spinal dorsal ramus as a potential pain generator.
The term "lumbar dorsal ramus syndrome" was created by Bogduk in 1980 [23] , and was also described by Sihvonen in 1995 [28] . From their reports, "lumbar dorsal ramus syndrome" referred to low back pain caused by irritation of the medial branches of spinal dorsal ramus. However, this "lumbar dorsal ramus syndrome" could not tell the specific nerve level based on their articles. In this paper, we review the normal and pathological anatomy of the spinal dorsal ramus system and their relationship to the evaluation and treatment of low back pain syndromes.
scribed. The common dorsal ramus arises from the spinal nerve as it exits the neural (intervertebral) foramen [19, 20, 24, [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] .
The common dorsal ramus passes dorsally and caudally, entering the back through an anatomic foramen bounded by the superior border of the transverse process, the anterior aspect of the superior articular zygapophysial joint, and the intertransverse ligament. Approximately five to ten millimeters from its origin, the common dorsal ramus divides at about a 30-degree angle into medial and lateral branches (Figures 1(a)-(d) ). Both the medial and lateral branches contain sensory and motor fibers and are accompanied by blood vessels. The medial branch supplies the tissues from the midline to the zygapophysial joint line. The lateral branch innervates the tissues lateral to the zygapophysial joint line [36, 39] . The L3 and L4 common dorsal rami (and sometimes the L1 and L2 common dorsal rami) give off intermediate branches, which run dorsally and caudally from the intertransverse spaces and supply the lumbar fibers of the longissimus thoracis [25] . Within the longissimus muscles, some of the intermediate branches of the L2 and L4 dorsal rami form an intersegmental communicating loop [25] . Steinke and his colleagues found that a short ventral intermediate branch from the common dorsal rami in the thoracolumbar region innervate the muscles between of the medial and lateral branch innervation [39] .
The medial branch of dorsal rami, a smaller branch, originates from the common dorsal ramus at or just outside of the intervertebral foramen. It passes the superior border of the transverse process and continues dorsally and caudally, lying in the groove formed by the junction of the transverse process and the lateral aspect of the superior articular process (Figures 1(c) and (d) ), where it is covered by the mammilloaccessory ligament, that bridges between the mammillary and accessory processes of the lumbar lamina. A small nerve arising from the medial branch extends to the inferior aspect of the articular capsule, while the main medial branch continues across the lamina at the board of zygapophysial joint and extends caudally to 1 to 2 lower levels (Figures 1(a)-(d) ). During its course, it gives branches to supply the zygapophysial joints and the mulitifidus muscles between the midline and the zygapophysial joint line [28, 39, 40] . The main branch passes dorsally and caudally to innervate the interspinous ligament and interspinal muscles [24, 25, [34] [35] [36] [37] [38] 41, 42] .
The lateral branch of dorsal ramus, a large branch, is approximately one millimeter in diameter [19, 21, 22, 25, 31, [35] [36] [37] and has a variable course. The nerve lies in an osseous groove of the superior transverse process. It then turns caudally, laterally, and dorsally under the longissimus muscles, and sends branches to the iliocostalis and longissimus muscles. After passing the iliocostalis muscle, the main lateral branch descends approximately two vertebral segments before it pierces the dorsal layer of the thoracolumbar fascia into the subcutaneous region and supplies skin. The lateral branches originating from T12 and L1 innervate the dermatome just below the lateral iliac crest and posterior to the anterior superior iliac, while the L2 and L3 lateral branches innervate the buttocks (Figures 1(a) and (b) ). Distal anastomoses of lateral branches have been observed, particularly between the nerves of T11 and T12, T12 and L1, and L2 and L3 [19, 21, 22, 25] . The courses of the lateral branches of L4 and L5 are more variable. Maigne reported that there are no cutaneous branches of the L4 and L5 lateral branches in his 37 dissections [19] . Bogduk found that the L4 lateral branch remains intramuscularly [25] . The L5 lateral branch (typically communicates with S1 dorsal ramus and is therefore called communicating branch) originates from the L5 common dorsal ramus at the caudal aspect of the lumbosacral junction [24, 25, 37, 38] . It runs caudally to innervate the longissimus thoracis, which arise from the medial aspect of the dorsal segment of the iliac crest.
The distribution area of each dorsal ramus is characterized by an overlapping multiple segmental innervations, e.g., the L4 zygapophysial joint is innervated by the L3 and L4 medial branches. Therefore, if single dorsal ramus is irritated proximally, a patient could experience pain at the distal site of this nerve distribution (referred pain). This phenomenon mimics radicular pain, for example, a patient with L4-5 herniated disc experiences pain on his dorsal foot. Thus, a local anesthetic injected to the referred pain area will not relieve pain, because the pain is caused by irritation at the proximal dorsal ramus (see below) [36] .
The medial and lateral branches divide at the junction of the lateral zygapophysial joint and the proximal superior border of the transverse process. The courses of the lateral branches are variable and commonly overlapping. There is no specific anatomic landmark to localize the lateral branches and the distal medial branches. Therefore, most physicians prefer to inject medication to the junction of the lateral zygapophysial joint and the proximal superior border of the transverse process to block the common dorsal ramus and its medial and lateral branches [36, 38, 41, 43] .
Clinical Presentation of Spinal Dorsal Nerve Mediated Back Pain
Dr. Maigne has described the low back pain caused by the thoracolumbar lateral branches and called this pain as Thoracolumbar Junction Syndrome [19] [20] [21] [22] . Dr. Bogduk pointed out that the medial branch of lumbar dorsal ramus may associate with low back pain [23] [24] [25] 41] . As we all known, events precipitating low back pain include, but are not limited to, simple activities such as twisting, awkward positioning, bending, and lifting [44] . In patients with the spinal dorsal ramus mediated pain, their symptoms usually are on one side and are exacerbated by lumbar extension and/or rotation. This pain may radiate to the ipsilateral low back and buttock region (referred pain) [21, 22] (Figure 2 ). Some patients may present paraspinal muscle spasm (Figure 3(a) ). Hyperesthesia may present in the affected dermatome [10, 21, 22, 31, 35, 45, 46] . The pattern of lower back pain can be used to localize the irritated dorsal ramus or its branches based on the anatomy of spinal dorsal rami [36, 39, 47] . The zygapophysial joint line demarcates the distribution of the medial and lateral branches. Pain at between the midline and the zygapophysial joint line or the paraspinal sacroiliac region is caused by on irritated medial branch. Pain lateral to the zygapophysial joint line with radiation to the lateral iliac crest is induced by the lateral branch involvement [19, 22] . When the common dorsal ramus is involved, pain will be at the territories of both medial and lateral branches [36, 38, 47] (Figure 2) . There are some clinical findings in the patient with the spinal dorsal ramus mediated low back pain. The patient usually points to pain at the distal low back (referred pain) [19, 22, 47] . When the patient bends forward, there is usually a palpable step-off at the affected spinous processes and this is typically two to three segments above the referred pain [47] . There is a palpably widened space and deep tenderness between the spinous processes below the stepoff. With deep palpation of the junction of the same level lateral zygapophysial joint and proximal transverse process, the patient will experience pain and referred pain [19] [20] [21] [22] 36, 47] (Figure 2) . Additionally, patients may present an ipsilateral segmental muscle spasm, and a mild scoliosis at the affected vertebral level when the medial branch is involved (Figure 3(a) ) [36, 47] . If the lateral branch is involved, palpating the longissimus and the iliocostalis muscles can be painful [19] [20] [21] [22] 35, 36, 47 ]. Maigne's examination techniques are to provoke pain by applying pressure to the lateral aspect of the spinous processes and rubbing the ipislateral facet at the thoracolumbar junction [19] [20] [21] [22] . Other findings such as motor, sensory and straight leg raising tests are unremarkable. When the low back pain patient presents pain with radiation below the knee and positive nerve root signs such as loss of sensory or motor function or reflexes in the distribution of the ventral ramus, the ventral ramus involvement (lumbar radiculopathy) should be considered [1] .
During the acute phase of spinal dorsal ramus mediated back pain, the patient's radiographic imaging may show segmental vertebral rotation, asymmetrical zygapophysial joint spaces, mild scoliosis and double lines of the posterior vertebral body silhouette [21, 22, 48, 49] (Figure 4) at the involved level. In some instances, a zygapophysial process fracture or vertebral body compression fracture may be revealed [48, 49] . These imaging findings are not specific for spinal dorsal ramus mediated back pain. Therefore, it is very important to correlate these nonspecific radiographic findings with the clinical presentation.
At the physical exam's suspected level of involvement, a metal marker is put on the skin before the radiographic imaging study to identify the involved level (Figure  4(a) ). Using fluoroscopic guidance, a diagnostic block can be performed, by injecting 2 ml of 1% lidocaine to the junction of the lateral zygapophysial joint and the proximal superior transverse process (the location of the common dorsal rami) [20] [21] [22] 36] , (Figure 4(b) ). During the procedure, placing the needle may reproduce the patient's symptoms, which further confirm accurate needle placement. A positive response is demonstrated by immediately relief of pain and segmental muscle spasm after the injection (Figure 3(b) ).
Pathogenesis
The common dorsal ramus and its medial branch begin adjacent to the zygapophysial joint. Any abnormality of the zygapophysial joint such as vertebral malrotation or muscle spasm as well as structural changes of the zygapophysial joint such as subluxation, degeneration, bony proliferation, capsular/ligamentous hypertrophy or fracture can irritate the common dorsal ramus and medial branch, and induce clinical symptoms [18, 44, 47, 48] . Ossification of the mammilloaccessory ligament may cause an entrapment neuropathy and low back pain [18, 24, 33] .
Biomechanical studies with fresh cadavers demonstrated that the upper lumbar zygapophysial joints carry a greater loading force than the lower zygapophysial joints [50] . Chen and colleagues [51] dissected the spinal dorsal rami from T12 to the sacrum and conducted biomechanical studies. Their study demonstrated that the L2 dorsal rami bore the greatest stretching force and tensile stress when the specimens were flexed and rotated to the contralateral side. Additionally, the radiographic changes including asymmetrical zygapophysial joint spaces and double shadow line at the posterior vertebral body silhouette were seen at the L2 level during the flexion and rotation studies. These imaging findings are similar to the radiographic findings from the patients, who have with spinal dorsal ramus mediated low back pain.
Spinal dorsal ramus mediated back pain can occur at any level of the human spine [18, 21, 22, 44, 52, 53] . For low back pain mediated by dorsal ramus, the primary pain is commonly at the thoracolumbar junction [19-22, 38,44] . Within the thoracic region, the coronal orientation of the zygapophysial joints grants spine free rotation. However, this rotation is limited by a rigid rib cage, except at the T10-12 levels because of floating ribs. The upper lumbar facets also have a relative coronal orientation. Therefore, spine rotation is relatively free at the thoracolumbar junction and the greatest shear force occurs at the more mobile upper lumbar segments. This normal spinal movement can cause zygapophysial joint separation or rotation. If these movements occur rapidly or overcome the body's physiological limit, they can cause stretching tension and irritation to the dorsal ramus, resulting in low back pain [20, 40, 44, 54] . Shao and his colleagues reported that seventy four percent (74%) of the 1263 patients with spinal dorsal ramus mediated low back pain had the pain originating from L1 and/or L2 dorsal ramus [36] .
An electrophysiological abnormality may occur when the lumbar dorsal ramus is irritated. Somatosensory evoked potentials have shown a prolonged duration and decrease of amplitudes, when the spinal dorsal ramus is injured [55] . Electromyographic studies also demonstrated a polysegmental denervation in the lumbar medial paraspinal muscles at the lesion level and 1 -3 segmental levels below [29, 56] .
Spinal Dorsal Ramus Mediated Back Pain vs. Zygapophysial Joint Syndrome
In the patient with spinal dorsal ramus mediated back pain, the involved spinal dorsal ramus is typically two or three segments above referred pain. Dreyfuss and his colleagues injected contrast medium into the thoracic zygapophysial joints and induced patient's back pain, which radiated to 2 -3 segments below the injected site [57] . The authors suggested that the referred pain was caused by the zygapophysial joint dilation after injection [57] . The explanation of this phenomena is that the distended joint capsular may irritate the medial branch or/ and common dorsal ramus, which are crossing the zygapophysial joint, and cause the referred pain. The major differential diagnosis of spinal dorsal ramus mediated back pain is zygapophysial joint syndrome [5, 9, 45, 58] . The diagnosis of zygapophysial joint syndrome has been debated over past several decades [59, 60] . There are no specific clinical criteria that are diagnostic of zygapophysial joint syndrome [61, 62] . The final diagnosis relies on pain relief after zygapophysial joint injection [63] [64] [65] . On the other hand, the patient with spinal dorsal ramus mediated low back pain presents the clinical features described above. Nevertheless, the clinical presentations of zygapophysial joint syndrome and spinal dorsal ramus mediated low back pain may be similar. However, there are some distinguishing features between these two syndromes ( Table 1): 1) Spinal dorsal ramus mediated low back pain can be caused by a number of biomechanical and neuroanatomical etiology, and is caused by spinal dorsal ramus irritation. Conversely, zygapophysial joint syndrome is caused by facet joint pathology [4, 9, 45] .
2) The thoracolumbar junction is the most common site of spinal dorsal ramus mediated low back pain [19] [20] [21] [22] 36, 44] ; while, zygapophysial joint syndrome commonly occurs at the lower lumbar segments such as L5-S1, L4-5 and L3-4 [5, 6, 9, 43, 64, 66] .
3) Patients with spinal dorsal ramus mediated low back pain present pain at low back, but their primary pain is at upper low back, 2 -3 levels above the referred pain. Additionally, in the acute phase, the patients also present paraspinal muscle spasm. However, patients with zygapophysial joint syndrome present pain at the level of zygapophysial joint disease [45, 58] .
4) The clinical findings of spinal dorsal ramus mediated low back pain are a palpable step-off of the spinous process and a widened interval between the spinous processes [47] , that is also tender [19] [20] [21] [22] . It also presents a deep tenderness at the junction of the lateral zygapophysial joint and superior proximal transverse process with referred pain [19] [20] [21] [22] 47] . The patient with zygapophysial joint syndrome normally shows tenderness at the involved zygapophysial joints [58, 61] .
5) The diagnostic injection site for the patient with spinal dorsal ramus mediated low back pain usually is a single dorsal ramus [21, 22, 27, 47] . In comparison, the Pain is following anatomic distribution; the primary pain is at two to three segments above referred pain, commonly at L1 and L2 Pain is at the same level of pathology, common at L5-S1, L4-5 and L3-4 zygapophysial joints
Physical examination
Protuberance of the spinal process; widened interspinous processe space; tenderness at the spinous process and the junction of the lateral zygapophysial joint and proximal transverse process, with referred pain to the clinical painful site Zygapophysial joint tenderness, pain is aggravated by lumbar extension
Confirming injection Single dorsal ramus injection Single or multiple zygapophysial joint injections
Definitive therapy Neurotomy of single dorsal ramus Neurotomy of single or multi-level medial branch(es) of dorsal rami diagnostic injection for the patient with zygapophysial joint syndrome requires single or multiple zygapophysial joints, versus single or multiple dorsal rami, commonly at L5-S1, L4-5 and L3-4 levels [7, 58, 61, 64, 66, 67] . 6) Finally, neuroablation therapy for patients with spinal dorsal ramus mediated low back pain typically involves a single dorsal ramus [21, 22, 47] . The patient with zygapophysial joint syndrome requires single or multiple dorsal rami radiofrequency neurolysis [58, 61, 64, 66, 67] .
Treatment
In the past two decades, spinal dorsal ramus blocks and dorsal ramus denervation with radiofrequency or surgical procedures have become popular procedure in the treatment of low back pain [3, 5, 42, [66] [67] [68] . However, positive results are variable [5, 8, 9, 43, 69, 70] . Here, we review the treatment of spinal dorsal ramus mediated back pain.
Spinal Dorsal Ramus Injection
There has been a long-term debate on the role of steroids and local anesthesia injection in treatment of back pain. A variety of targets including the epidural space, zygapophysial joint space, joint capsule and medial branches of the dorsal rami have been suggested. One of the major problems lies in determining which dorsal ramus (level) is causing symptoms [71] . To avoid this issue, some authors have injected multiple medial branches [24, 64] , or used a large volume of medication to cover multiple dorsal rami [43] , in order to achieve a positive clinical outcome.
The techniques of the lumbar medial branch blocks have been well established [23] [24] [25] 61] . The targeting point of injection is at the junction of lateral articular process and the proximal transverse process, where the nerve crosses [72] . The injecting sites for zygapophysial joint syndrome normally are at lower lumbar spine (S1, L5, L4). The results of these injections in the double blind studies have been marginal at best [5, 8, 10, 64, 65] . The efficacy of these various injections ranges between 6% -68%. Sihvonen et al. reported that 21 patients with low back pain, who were treated with selective lumbar spinal dorsal rami injection, were pain free from 2 days to 12 months [28] . His study suggested that precisely locating these involved nerves was responsible for the good outcome.
The target of treating spinal dorsal ramus mediated low back pain is the common dorsal ramus, which is located at the junction of the lateral zygapophysial joint and superior proximal transverse process (Figure 4(b) ). The procedure is under the fluoroscopic guidance. When the tip of needle reaches to the involved spinal dorsal ramus, patients will experience a similar referred pain (radiating to the painful area). Patients typically experience instant pain relief immediately following the injection (Figure 3(b) ). Shao reported that 120 patients with spinal dorsal ramus mediated low back pain were randomly divided into two equal groups [36] . The first group received an injection of the involved dorsal ramus (under the fluoroscopic guidance) and the second group received an injection at the referred painful site (complaining painful area). Patients in both groups were injected with 2 ml of 2% lidocaine without epinephrine. In the first group, all patients achieved immediate pain reduction with the duration of pain relief from one hour to 23.25 hours (average of 6.42 hours). In the second group, 16 patients had no pain relief and 44 patients experienced ten minutes to one hour of pain relief (average 0.73 hours) [36] . Similar result was also reported by Chen in 1994 [73] . These studies suggested that accurate injection of the selective spinal dorsal ramus can provide both diagnostic and therapeutic purposes; while injection to the referred painful site is no beneficial [36] . Additionally, Zhou has reported in his retrospective study, that in 41 patients with spinal dorsal ramus mediated lower back pain, after the selective spinal dorsal ramus injection, 84% of these patients received greater than 50% and more than two months of pain reduction [74] . These patients also reported improvement in their daily activities and decrease of their pain medications [74] .
Spinal Dorsal Rami Neurotomy
Medial branch neurotomy and facet denervation with radiofrequency [41, 66, 67] , cryogenic lesion apparatus [47, 75, 76] and surgically nerve denervation [20] have been reported in the past several decades. The medial branches radiofrequency neurotomy is indicated for patients who experienced more than 50% of pain relief after the medial branch blocks [66] [67] [68] 77] . For facet joint syndrome patients, physicians normally prefer to ablate several medial branches (commonly at S1, L5 and L4), because the zygapophyzial joints are innervated by two to three medial branches from the different levels. Results of this therapy are variable from 17% to 87% pain relief [68, 69] . However, in rigorously selected patients and with correct needle position, this procedure yielded an 85% -90% of successful rate either with cryo or radiofrequency neurotomy [78] . The duration of pain-relief after radiofrequency is from 6 months to 1 year [78] . The technique of dorsal ramus neurotomy for patients with spinal dorsal ramus mediated low back pain is similar to medial branch neurotomy except the targeting nerve is the common dorsal ramus. In Shao's retrospective study of 1997 cases of spinal dorsal ramus mediated low back pain, 1742 (87.2%) patients experienced immediate pain relief and restored their normal lumbar motion after cryonueroablation [47] . In those 1742 patients, 409 were followed for an average of 2.5 years. Three hundred and eighty-six (94.3%) of these 409 patients achieved long-lasting pain relief and returned to their occupation [47] . The complications of radiofrequency and cryotherapy are generally low, and include injection site pain, and neuritis, ranging from 1% to 6.5% [79] . There are no studies of long-term complications after radiofrequency and cryotherapy, including Charcot's joints. However, a recent study has shown that neurotomy of lumbar medial branches can cause muscle atrophy [80] .
Summary
The dysfunction of lumbar dorsal ramus system is an important factor in low back pain. In the general population of patients with low back pain, the incidence of lumbar dorsal ramus mediated low back pain is not known. Lumbar spinal dorsal ramus mediated low back pain should be considered based on the anatomical and pain pattern. A thorough medical history and examination can help to localize the pathologic level. Normally, this type of pain originates at L1 or L2 dorsal rami, and the pathogeneses can be multiple factors which irritate the dorsal ramus. The back pain induced by dorsal ramus irritation can occur in the cervical [51] and thoracic spine [50] as well. Therefore, spinal dorsal ramus mediated back pain should be appropriately called "spinal dorsal ramus syndrome (SDRS)".
The key point is how to localize the involved dorsal ramus. The dorsal ramus can be irritated anywhere from the common dorsal ramus to its medial or lateral branches. The clinical presentations of dorsal ramus mediated back pain and zygapophysial syndrome can be overlapping. However, there are some distinctions. The thoracolumbar junction is the most common site of spinal dorsal ramus mediated back pain [21, 22, 36] , while, zygapophysial joint syndrome commonly occurs at the lower lumbar zygapophysial joints such as L5-S1 and L4-5 [5, 6, 9, 43, 57, 58] .
There are no specific imaging findings to distinguish spinal dorsal ramus mediated back pain and zygapophysial joint syndrome [47, 62] . The only confirming diagnostic test is a dorsal ramus vs. zygapophysial joint injection. Thus far, no double blind studies have confirmed the efficacy of these diagnostic tests. Spinal dorsal ramus mediated back pain can co-exist with zygapophysial joint syndrome and other causes of low back pain. Further clinical, anatomic, radiographic, and electrophysiological studies for spinal dorsal ramus mediated back pain are necessary. Randomized controlled studies of injecting spinal dorsal ramus vs. zygapophysial joint are essential to confirm their clinic value in diagnosis and treatment of low back pain.
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